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® ExP«n<l«ble Intraluminal graft. 



® A plurality of expandable and determabie in- 
tralum.nal vascular grafts are expanded within a 
Wood vessel by an angioplasty beftoon essocistod 

T^L" < *** ,m * *** ** ■» '«"•« of • 

blood vessel. The grafts may be thin-wailed tubular 
members (71) having a pkjraMy of slots (82) de- 
posed substantially peraOei to the tongrtuJinal axis of 
me tubular members (71). and adjacent grafts are 
"sxiWy corseted by a sng» connector member 

^^J Ut>nnmf » °» to"**** «*« 

of the tubular members. 
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any surgical procedures could be performed. 

Addition!! disadvantages associated with oai- 
loon dilation of elastic vascular stenoses is mat 
many (*i because of elastic recoil of the stenotic 
sion. This usually occurs due t a high fibrocol- 
lagenous content in the fesen and is sometimes 
due to certain mechanical characteristics of the 
area to be dilated. Thus, although the body pas- 
"9«way may initially be successfully expanded by 
a balloon dilation procedure, subsequent (tarty re- 
stenosis can occur due to the recoil of the body 
P»*asgswsy wail which decreases the siat of the 
previously expanded lumen of the body passage- 
way. For example, stenoses of the renal artery at 
«• known to be refractory to balloon 
dilation because the dilating forces am appied to 
me sortie wall rather than to the renal artery itsetf 
Vascular stenoses caused by nsointirnai fibrosis.' 
such as those seen in diarytis-accaas fistulas, have 
P«v«dto be difficult to dilate, requiring high dilat- 
« l *9* oailoon diameters. Similar 
""cutta* have been observed in angioplasties of 
6*»*-»terY anastomotic strictures and postondar- 
tereetomy recurrent stenoses. Percutaneous an- 
of Takayasu arteritis and 

•nrtlal response and recurrence which is boieved 
due to the flbrooc nature of these lesions. 

*r repairing bhwd vessels narrowed or oc- 

tSSJS Wnfl 

••flowsys. the length of the body psnags n, 
"Weh njouires repair, as by the Insertion of a 
ZZZ™?** V*- «** (mam problems if 
ms length of the required graft cannot negotiate the 
T?" tngs of the body p msg,,, ., though 
o/aft is passed by the catheter, m other 
words, in many instances, it is necessary to sup- 
port a length of tissue within a body paiisnemu 
by a graft wherein me length of the required graft 

l'!!i~!L 9 * *** 01 • *** «" be readily 
a catheter to the desired location 
«°* »r«ant Some grafts do not 
"■ve the rajquisMs abUty to bend so as to negotiate 
*• curve* and bends present within the vascular 
«V«*n. partcutarty prostheses or grafts which are 

•no* tongitudinai axes. 

Accorffln gj y / P°or to the developmeii t of the 
present invention, there has been no t*parrJarjtt 
intraluminal vascular graft tor expanding me lumen 
o* a body passsgewsy. which: prevents recurrence 
of stenoses in the body p ass agew a y: can be uti- 
lised for critical body passageways, such as the left 
mam coronary artery of a pattern's heart prevents 
recoil of the body passageway waU; allows me 
intraluminal graft to bo expanded to a variable size 
to prevent migration of the graft away from the 
dosired location and prevents rupturing and/or ero- 



*on of th body passageway by ,„« , x04naeo 
body p«sag.way f0 p. , upportad by „ ^ 

s cZJl, 0 '^?' ** nMtUry " 
» goaete the bends and curves in the vascular svs. 

torn. Therefore, the art has sought an .xpandabto 

S^aft which: prevJHct 

behoved to be able to be utilized in critical bodv 

m*n coronal ^ 
of the heart prevents recoil of the body TmuZZ 

ew£ PftVfM miflrtton °' ^ 9raft 

•way from the desired location and to oravant 

" *"» « *• bod/pa»s2w,y 

£?lT* 0n V_ *** Pttsa gsway to be sup- 

w curves m the vascular system. 



SgggAWY THE INVENTION 



^ _ ^ <c cord«nc» with the invention, the foregoing 
•*«ages have been achieved by the present 
W^Wt ifttraluminal vascular graft The present 
mention includes e plurality of thtn-wafled tubular 
niafliberj^ach having .first and second ends and a 

^ T*^*** 9 * h « vin 0 • substantially uni- 
torm threes and a plurality of slots formed 
o*n*n. the slots being disposed substantially par- 
atttf to the longitudinal axis of each tubular mem- 
* cortnector member being disposed 
between adjacent tubular members to flexibly con- 
ac * c * rt ***** members, the single connec- 
^member b*ng disposed in a substantially par- 
«w* reiattonsftjp with respect to the longitudinal 
40 «w of the tubular members and coplanar with 
•ach^ tubular member each tubular member having 
a first oorneter which permits intraiumnai delivery 
of tfie tubular member s into a body passageway 
having a lumen; and the tubular members having « 
« »cond. axpandod and deformed diameter, upon 
??_?! pM c * <i0>1 from '"tenor of the tubular 
m#mbtff 01 • outwardfy extending force. 

w*ch second diameter is variable and dependent 
upon the amount of force applied to the tubular 
50 m * nt) ? ff J "'^^y ^ tubular members may be 
expanded and deformed to expand the lumen of 
the body p ass ageway. 

A hjrt ^ f ** turt ^ ^ Pnmnt invention is that 
tingle connector member may be a thin-wailed. 
« siongaie bar member, coplanar with adjacent tuOu- 
i«JT»embers. An additional feature of the present 
invention is that a first connect o r member may be 
disposed between the second end of a first tubular 
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tutx^rl^ T"'* inM,u '" ift * 1 ^v*y of the 
hZZZ 1 in, ° a P**»«oeway 80 

^L^', * h * r * n ^" f ^«»«J in greater 
t3ea " member 71 has . second JmZ 

ZZZFJZT* »»»*"™*« *T5S 

10 <J-f0fTT1 tubular member 71 
£ J2?J* «™P«>ble the human body and 
t J^" * prew **«- 70 may com. imo contact 

«*m m RQ. 1A to tn. eonflgu^ 

« RQ. IB and resist radial coNapse. Suits** ma. 

S^smS?^ " 
«ou« mciuda advar. tantalum, start*** »•*. go* 

^«tocnaraet^«a1^pn^ ^ fc^ 0 ^ tCfi(-4 , ' 

«^d starts** steel tub* having « uniform wM 

F ^ ,A MW« member 71 ha. m. Urn 

^^^^ 
a length equal to ma mo* of slots 82. aa seen in 

******* J^££!£ 

•J« «*» 82 along me lonajtudinal tm of mo 

ThuT at ILS? 5 ««*cflno mambar. 77. 
^ na tormallon of slots 82 res*, in at laaat 

t «Wi 82. •tongas* mambar 75 attending 

lar mernh-V* ** '* C0 " d 71 73 01 **w 
i*r mambar 71, a* seen in RQ. 1A. 

have first and Mcond ends weft « comectnq 

**obi 82. Prafarabiy. m« first and second ends of 

•«* of adjacent slots 82 along me lonamj. 

"«*ng members 77. which arc dlspoaad at the 

•tonoata membars 73. will in turn be disposed 



stots 82 atong (he longitudinal ans of the 
71. Accord^. 3tott « 

s cent slots, and slots as hcimm _ 

. . °* •oiacent to one another 
atong the tongrtudinal a»s of tubular n*mb*T, 

" * «»«^ "JWonshio ^onTShi 
^n«,ng siots dispose «»o, the ci£m£Sc.' 
of tubular member 71 at bom th. r^ Z/**^ 

t^SnreSs^r^Z 8, ^ « "W" the fJrsTarS 

"«w » me length of twe siots 82. it should hi 
***** 9m the lanom of a* ^ l,^^ 3 

» prosthesis, 70 permib) graft, or pioatheaia. 70 in 
^«^-«om«y. -nd oun^T.^ 

"P 0 " «• appfcation of a suitable kwtm 

n««n«fBjr described in greater detaJL The enarT 
J****** "*nbar 71 into m. exxrtg^tton 

J™" * ,on 9 «>«*wn «toti 82. as pre. 
vwuaty oeecrioed, but also bacauaa dsal!! 

U ' * ^&^2Ss: 

^mbars 77. etongat, mernt*. 75. and mem- 
,Uu nmm i^ f ^ 2. tho uniform (Meknesa of eton- 
»«^eariflgura8on of etonoata member 75. 
« 25r22 , J^ " rt H»uriaon i, njcta^gu^. „ 

"*J^* IM "» ew-toctJonal cartiguraaon of the 
*^"7 0 *« of graft or proathaan. 70 
«*Hd Hao be aouara. rectangular. v ^ ^ 

«wjonsj_ configurations. Aa wii be her«naRer os- 
« »««*d « greater detail, it is preferable that the 
c^wr^c. 74 of graft or promta* 70. wh«n 

PK3. 4. should be rMatKvly smoom. 
so «- ^ 19 ^ '8. « * »t«> mat after 

Sl!^* p,0rt ^ 7, -^^« > *^««i 

oawrmed into the ccnAgurstton of RQ. 18 me 
*Wi 82 mm aaauma a aubetantiaBy hexagonal con- 
«***»on whan me tubular member 71 has the 
mob*, expended diameter, d'. is shown in no. 
« »8. Such a hexagonal configuration win result when 
tno Mota 82 MiaNy have a aubstantially rectangular 
configuration when the tubular member 71 has me 
first diameter, d. illustrated in RQ. ia. It should be 
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is pulled away from prosthesis, or graft. 70. prior to 
expansion f the prosthesis, or graft. 70. 

StiH with reference to FIGS. 3 and 4, it sh uid 
be noted that tubular member 71 of prosthesis, or 
graft. 70 initially has the first predetermined, col- 5 
lapsed diameter, d. as described in connection with 
PIG. 1A. in order to permit the insertion of the 
tubular member, 71 into the body passageway 80 
as previously described. When it is desired to 
implant prosthesis 70 within a body passageway 80 to 
'or the purposes previously described, the pros- 
thesis 70 is. controfiabfy expanded and deformed 
to the second diameter. d\ and the second, ex- 
pended diameter, d'. is variable and determined by 
the internal diameter of the body passageway 80. r$ 
as shown in FIG. 4. and by the amount of expan- 
sion of the inflatable portion 84 of catheter 63. 
**ordir>gry ( the expanded and deformed prosthe- 
sis 70. upon deflation of angioplasty balloon 68 will 
not be awe to migrate from the desired location 30 
within the body passageway 80. nor win the expan- 
sion of the prosthesis 70 be ftkefy 10 cause a 
rupture of the body passageway 80. Furthermore. 
•n»ofar as prosthesis, or graft 70 is not a 'spring. 

or -se*expanding member-, the prosthesis is as 
not consistently applying an outward, radial force 
against the interior surface of body passageway 80. 
in excess of that required to resist radial roSapae 
of the body passageway 80. Thus, erosion of the 
interior surface, or intima, of the artery or body x 
passagsway is prevented. 

When it is desired to use expendable in- 
traluminal graft 70 to expand the lumen 81 of a 
body passageway 80 having an area of stenosis, 
the expansion of intra luminal vascular graft 70 by » 
angioplasty balloon 88. eflows controlled dilation of 
the stenotic area and. at the same time controlled 
expansion and deformation of me vascular graft 70, 
^ vascular graft 70 prevents the body pas- 
sageway 80 from coMapetog and decreasing the 40 
size of the previously expanded lumen 61. Once 
•gain, the second expanded diameter d' of in- 
traluminal vascular graft 70. as shown in FK3. 4, is 
variable and o*ermli»d by the desired expanded 
'memeJ diameter of body passageway 80. Thus, <s 
the expandable intraluminal graft 70 wil not mi- 
grata away from the desired location within the 
body passageway 80 upon deflation of angioplasty 
balloon 88. nor will the expansion of intraluminal 
graft 70 likely cause a rupture of body passageway so 
80. nor any erosion as previously described. Fur- 
ther, should an intimaJ flap, or fissure, be formed in 
body passageway 80 at the location of graft 70. 
graft 70 will insure that such an tnbmai flap will not 
be able to fold inwardly into body passageway 80. ss 
nor tear loose and flow through body passageway 
30. In the situation of utilizing graft 70 in the 
manner rxevtousiy described to expand the lumen 



of a portion of a cr.ticai body passageway, such as 
the left main coronary artery, it is believed that the 
.ntimal flap w.11 be unable to occlude the left main 
coronary artery of the heart and cause the death of 
the patient. 

Because it is only necessary to inflate an- 
gioplasty balloon 88 one time .n order to expand 
and deform graft 70. it is believed that a greater 
amount of endothelium, or inner layer of the intima. 
or inner surface of the body passageway, wilt be 
preserved, insofar as the extent of endothelial de- 
nudation during transluminal angioplasty is propor- 
tional to the balloon inflation time. Further. , n the- 
ory, the amount of preserved endotheium should 
bai^rge because in the expanded configuration of 
graft 70. potential 80% of the endothelium is 
exposed through the openings or expanded slots 
82of graft 70. It is further believed that intact 
patches of endothelium within expanded slots 82 of 
graft: 70 may result in a rapid, multicentric en- 
o^aiaization pattern as shown by experimental 



mh ****** "o* to rtGS- 5 and 6. pros- 
* 70 of the type previously de- 

scribed in co nnection with FIGS. 1A and IB are 
^f^y* tubular '"•"bore 71 of grafts, or 
prostheses. 70 have a biotogicaJry inert or biologi- 
cally compatible coating 90 placed upon wall sur- 
faces 74 of tubular shaped members 71. Examples 
of a suitable biologically inert coating would be 
poroue poh/urethane. TeflonTU, or other conven- 
tional biologically inert plastic materials. The coat- 
in g W should be thin and highly elastic so as not 
to interfere with the desired expansion and de- 
formation of prosthesis, or graft 70. Coating 90 
may be further provided with a means for anchor- 
ing PI 6) the tubular member 71 to the body 
passageway 80. Anchoring means 91 may be com- 
prised of a plurality of radially, outwardfy extending 
protections 92 formed on the coating 90. As seen 
in PIG. 6. the radially outwardly extervjng projec- 
tions 92 could comprise a plurality of ridges 93. or 
other types of radiaity. outwardly extending protec- 
tions. Further, it may be desirable to have a plural- 
ity of openings 94 formed in coating 90. as shown 
in FK1 5. whereby the fluid contained in body 
passageway 80 can be in direct contact with the 
dilated, or expanded, body passageway area. Ex- 
amplee of biologically compatible coatings 90 
would include coatings mads of absorbatMe poly- 
mers such aa those used to manufacture absor- 
bable sutures. Such absorbable polymers include 
pofygfyooides. porylectidea, and copolymers there- 
of. Such absorbable polymers could also contain 
various types of drugs, whereby as the coating 90 
is absorbed, or dissolves, the drug would be stowty 
released into the body passageway 80. 

Turning now to FIGS. 7 and 6. an expandable 
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ness and a plurality of slots formed therein, the 
slots being disposed substantially parallel to th 
longitudinal axis of each tubular member; 
a single connector member being disposed be- 
tween adjacent tubular members to flexibly connect 
adjacent tubular members, the single connector 
member being disposed in a substantially parallel 
relationship with respect to the longitudinal axis of 
the tubular members and copianar with each tubu- 
lar member. 

each tubular member having a first diameter which 
permits intraluminal delivery of the tubular mem- 
bers into a body passageway having a lumen; and 
the tubular members having a second, expanded 
and deformed diameter, upon the application from 
the interior of the tubular members of a ratfatfy 
outwardly extending force, which second diameter' 
'• variable and dependent upon the amount of 
force applied to the tubular members, whereby the 
tubular members may be expanded and deformed 
to expend the lumen of the body passageway. 

2. The expendable intraluminal graft of darn i. 
*ner*n the single connector member is a tin- 
wailed, elongate bar member, copianar with adja- 
cent tubular members. 

3 The expandable intraluminal graft of dmm i, 
wherein a first connector member is 'fffftmt trj be> 
the second end of a first tubular member 
and the first end of a second tubular member; a 
second connector member is flitposed tistiisen 
the second end of the second tubular member and 
the first end of a third tubular member, the first and 
second connector members being angularly offset 
from one another with respect to the kytgrtutfnai 
axis of the tubular members. 

4. An expandable prosthesis tor a body pas- 
sageway, comprising: 

a plurality of thin-walled tubular members, each 
naving first and second ends and a wai surface 
disposed between the first and second ends, the 
wail surface having a substantially uniform thick- 
and a plurality of slots formed therein, the 
slots being deposed substantially parallel to the 
»ongrtu*nal axis of each tubular member; 
a single connector member being disposed be- 
tween adjacent tubular members to flexibly connect 
adjacent tubular members, the single connector 
member being disposed in a substantially parallel 
relationship with respect to the longitudinal axis of 
the tubular members and copianar with each tubu- 
lar member; 

each tubular member having a first diameter which 
permits intraluminal delivery of the tubular mem- 
bers into a body passageway having a lumen; and 
the tubular members having a second, expanded 
and deformed diameter, upon the application from 
the interior of the tubular members, of a raolairy. 
outwardly extending force, which second diameter 
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<s variable and dependent upon the amount of 
force applied to the tubular member, hereby the 
tubular member may be expanded and d formed 
to expand the lumen of the body passageway 

5. Th expandable prosthesis of clam 4 
wh6f#m connector member is a thm- 
wailed, elongate bar member, copianar with adia- 
cent tubular members. 

6. The expandable prosthesis of claim 4 
« first connector member is disposed b* 

tween the second end of a first tubular member 
anojhe first end of a second tubular memoer a 
»^»«]Clwnnsctor member is disposed between 
the second end of the second tubular member and 
***** end of a third tubular member, the first and 
socond connector members being angularly offset 
from one another with respect to the longitudinal 
axis of the tubular members. 
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